An analysis of size and reproduction of Heterocarpus ensifer (Caridea: Pandalidae) off the Macaronesian archipelagos (Canary, Madeira, and the Azores islands, northeastern Atlantic) is done. The size range of samples was similar among the archipelagos studied, around 9-39 mm carapace length (CL). The carapace length/wet weight relationship showed a negative allometry in males and varied in females. One-way analysis of regression slopes (b) among archipelagos pointed out significant differences in all groups with the exception of males. Growth parameters indicated that males are smaller in size, but grow faster than females. Growth performance (W') estimates varied between 2.69 and 2.81, pointing out a very similar growth pattern among regions. Ovigerous females were present in all months sampled with a mass spawning period in spring and summer, which are the seasons when the water is warmer. Size at maturity was estimated in 22.4 mm CL for the Canary Islands and 25.7 mm CL for Madeira. In general, the life history of this deep-water species is similar in the three archipelagos.
INTRODUCTION
Heterocarpus ensifer Milne-Edwards, 1881 is a deep-water shrimp of wide distribution at low latitudes. It is known from warm seas of the Indo-Pacific, occurring in the southwest Indian Ocean and possibly Hawaii and Kiribati (Crosnier, 1988) , the western Atlantic (North Carolina to Brazil), and the eastern Atlantic Oceans (south-western Iberian Peninsula to the Congo at 5u429S, including the archipelagos of Azores, Madeira, Canaries and Cape Verde) (d'Udekem d 'Acoz, 1999; González et al., 2001) . The species has been reported from the Spanish Mediterranean: Alboran Sea, Balearic Islands, and Columbretes Islands (García Socias and Massuti Jaume, 1987; García-Rodríguez et al., 2002) . Adults have been recorded only on muddy or sandy substrates at depths of 88-885 m over the continental shelves and upper slopes (Crosnier and Forest, 1973; Holthuis, 1980; Lagardère, 1981; Chace, 1985; Fransen, 1991; González and Santana, 1996; d'Udekem d'Acoz, 1999; González et al., 2001 ). This species has been reported as most abundant between 300 and 600 m depth (Clarke, 1972; Gooding, 1984; Chace, 1985; Dailey and Ralston, 1986; Crosnier, 1988; Gooding et al., 1988) .
This pandalid shrimp was included in the FAO catalogue of species of interest to fisheries by Holthuis (1980) . In spite of its potential economic value around Madagascar, Reunion, Hawaii, French Antilles, and Polynesia (Holthuis, 1980; Gooding, 1984; Poupin et al., 1990; Moffitt and Parrish, 1992; Paulmier, 1993) , its life history is poorly known (Intès and Bach, 1989; Paulmier and Gervain, 1994; Lozano-Á lvarez et al., 2007) and published information on the species in the eastern Atlantic Ocean is very scarce.
In the Canary Islands, H. ensifer is a common species, occurring chiefly on muddy bottoms but also on sandy substrates of the insular shelves and slopes (González et al., 1990 (González et al., , 2001 González, 1995; González and Santana, 1996) . In this archipelago, this shrimp is an unexploited resource and has been experimentally caught at depths from 88 to 821 m (González et al., 2001) , mainly between 350 and 400 m (González and Santana, 1996) . As a result of trapping and bottom-trawling surveys off this archipelago, many authors (Santaella and Bravo de Laguna, 1975; González et al., 1988; López-Abellán et al., 1994; Carvalho et al., 2006) found that it is at times abundant and thus of possible, but restricted, economic interest. In the archipelago of Madeira, H. ensifer was caught on muddy and sandy substrates of the slopes around the islands of Madeira and Porto Santo during experimental surveys using benthic and semifloating shrimp traps at depths mainly between 300 and 450 m (Biscoito, 1993; Carvalho et al., 2006) . Although H. ensifer presents some patches of abundance at these depths, this species is probably not suitable for an economically viable commercial exploitation in this archipelago. JOURNAL OF CRUSTACEAN BIOLOGY, 29(4): 507-515, 2009 The present comparative study provides information on several biometric and biological parameters of H. ensifer off the Macaronesian archipelagos of the Canaries, Madeira, and the Azores, in order to make possible the implementation of anticipative, regulatory measures contributing to the sustainability of potential fisheries and the conservation of the species involved from an ecosystemic approach.
MATERIALS AND METHODS
A series of surveys of the epi-and benthic fauna off the Canary, Madeira, and the Azores were carried out between 1991 and 2006 ( Fig. 1) . Most of the specimens studied were caught during cruises on board research vessels and on fishing boats. Bottom traps (BT) (González et al., 1988; Biscoito, 1993; Pinho et al., 2001 ) and semi-floating shrimp traps (SFST, operated around 3 m above the sea floor) (González et al., 1992) were used as fishing gear deployed for 15-25 h on average (Table 1) . When possible, temperature was obtained along water column using a XR-420-CTD sensor (RBR, Richard Branker Research LTD, Canada) .
Fresh samples were studied in the laboratory. All shrimps were measured to 0.1 mm using vernier calipers along the dorsal median line from the rear of the eye socket to the rear edge of the carapace for carapace length (CL), and the individual wet weight (W) was recorded using an electronic balance with an accuracy of 0.1 g. For the non-ovigerous individuals sex determination was assessed by the presence/absence of the appendix masculina on the endopod of the second pleopod (King and Moffitt, 1984) . To investigate the size variation of shrimps with depth, a linear regression was calculated between the mean size and bathymetric interval each 100 m. The carapace length/wet weight relationship was calculated for each sex or group (ovigerous and non-ovigerous females) using the equation: W 5 a CL b (W in g and CL in mm). A t test determined whether the slope of both relationships was significantly different among the three areas (Pauly, 1984) , and ANOVA test contrasted the differences in the regression slopes amongst archipelagos. Length-frequency (CL) data were analysed to estimate growth in each sex, according to Pauly's method (Pauly, 1983) . Length frequency samples were plotted quarterly. In the case of Madeira, this frequency was plotted using the whole sample, as no quarterly collections were made. The FAO-ICLARM Stock Assessment Tools (FISAT) (ver. 1.0) programme (Gayanilo and Pauly, 1997) was used for data processing and calculating the von Bertalanffy growth parameters. NORMSEP [normal distribution separator by Hasselblad and Tomlinson (1971) ] was used for decomposition of mixtures of normal distribution on the basis of Hasselblad's maximum likelihood method (Hasselblad, 1966) . Estimation of L ' was obtained by means of the Gulland and Holt (1959) method, and the k value was obtained by means the ELEFAN I (Gayanilo and Pauly, 1997) . For the sake of comparison, Munro's phi prime growth performance of both sexes (W' 5 log k + 2 log L ' ) was assessed according to Sparre et al. (1989) .
Sexual maturity curves were determined using the balanced logistic function Y i 5 1 / (1 + exp (a + b CL i ) (Pope et al., 1983) , and the logarithmic transformation Ln (Y i /1 2 Y i ) 5 a +b CL, being Y the balanced probability and a and b the equation parameters estimated from the linear least square method. The value of Y is obtained from balanced factors according to Paloheimo and Cadima (1964) :
where n i is the number of cases, p i is the proportion of mature females (mature/total females). The mean size at maturity was defined as the size where 50% of the total population is ovigerous (Colloca, 2002) , when Y 5 0.5, then CL 50% 5 2a/b. Length data were grouped in intervals of 1 mm CL. Finally, the sex ratio by size class was also calculated.
RESULTS

Sampling
A total of 15,490 individuals (89.2% of the total) from the Canary Islands, 1,324 (7.6%) from Madeira, and 548 (3.2%) from the Azores were studied. This south-north decrease in the number of shrimps in samples well reflects a latitudinal decrease in species abundance. The depth capture of the overall samples varied between 50 and 1,278 m, being most abundant around 400-600 m. In the Canary Islands, temperature-depth profiles indicated that maximum abundance occurs around 10-13uC and between 400 and 600 m. Nevertheless, the water temperature was significantly (ANOVA, F 5 4.175, P 5 0.021) warmer in spring (mean 5 11.81uC) than in fall (11.32uC) and winter (11.14uC) (Fig. 2) . In Madeira, oceanographic data was only collected at one station in winter. So, any rigorous biological interpretation cannot be carried out between the archipelagos, although the mean comparison in the depth of maximum abundance did not show significant differences with the Canary Islands (mean in Madeira 5 11.36uC; t 5 21.488, P 5 0.153).
Size Composition
Descriptive statistics by sex and group for each archipelago are given in Table 2 . Sizes varied from 9.0 to 38.6 mm CL in the Canary Islands, 10.0-39.8 mm CL in Madeira and 8.9-36.6 mm CL in the Azores. Females attained larger sizes (38.6 mm CL) than males (33.8 mm CL) in the Canary Islands, whereas in Madeira and the Azores the largest sizes were similar. The distribution of length frequencies by size class and sex for each area is represented in Figure 3 . The regression analysis between mean size and depth was significant for both sexes in the Canary Islands, indicating a clear stratification of size (Fig. 4) .
Length-Weight Relationships
Carapace length/wet weight relationships for each sex or group are presented in Table 3 . Correlation coefficients were high (lowest r 2 5 0.880), indicating a considerable degree of predictability between carapace length and wet weight. In general, data suggest that wet weight increases with negative allometry (b , 3) in relation to carapace length (Table 3) . One-way analysis of regression slopes (b) among archipelagos by sex/group showed significant differences for females (F 5 9.860, P , 0.05), nonovigerous females (F 5 10.960, P , 0.05) and ovigerous females (F 5 39.350, P , 0.05), but differences were not detected in males (F 5 1.269, P . 0.05).
Growth
The analysis of the length-frequency (CL) data revealed the presence of several modes (Table 4 ). The analysis of modal progression showed that males attained a smaller asymptotic size in the three archipelagos, but grew faster than females (Table 5) . Growth performance estimates (W') varied between 2.69 and 2.81, pointing out a very similar growth pattern among regions (Table 5 ).
Sex-Ratio and Reproduction
The analysis of sex-ratio by size class showed a clear predominance of females in the Canary Islands and Madeira (Fig. 5) . In the Azores, data did not show such a tendency probably due to the modest number of individuals available for study. Ovigerous females were collected during all months of sampling in the three archipelagos, but were most abundant during spring and summer (Fig. 6 ).
Size at maturity was slightly higher in Madeira (CL 50% 5 25.7 mm, n 5 7, r 2 5 0.859) than in the Canary Islands (CL 50% 5 22.4 mm, n 5 13, r 2 5 0.894).
DISCUSSION
Biological parameters obtained in the present study were similar for the three archipelagos studied and are in accordance with the findings of Intès and Bach (1989) , Nichols (1991) , Paulmier and Gervain (1994) , and Lozano-Á lvarez et al. (2007) from other areas. Although H. ensifer inhabits off all three archipelagos, our surveys clearly suggest that it is more abundant around the Canary Islands. The absence of consistent oceanographic data for the three archipelagos through the year did not allow to conclude whether temperature or/and salinity is responsible of this fact. However, other studies have demonstrated that more pandalid species occur, and they are more abundant, in the Canary Islands than in Madeira or the Azores (Martins and Hargreaves, 1991; Biscoito, 1993; González and Santana, 1996; González et al., 2001) . In general, the life history pattern of H. ensifer is similar to those found in other pandalids from tropical and subtropical waters. Studies on deep-water pandalids (Intès and Bach, 1989; Thessalou-Legaki et al., 1989; Poupin et al., 1990; Thessalou-Legaki, 1992; González et al., 1997; Santana et al., 1997; Company and Sardà, 1997, 2000; Colloca, 2002; Maiorano et al., 2002; Chilari et al., 2005; Lozano-Á lvarez et al., 2007 ; and this study) reveal a pattern of population dynamics that can be summarised as follows: 1) differences in carapace length, with females attaining larger sizes; 2) size stratification in relation to depth, with larger individuals concentrated in deeper waters; 3) faster growth rate for males that are ultimately smaller than females; 4) seasonal vertical migrations related with reproduction or feeding; 5) sex-ratio favouring females at higher sizes; 6) presence of ovigerous females during many months, with a peak of maximum reproduction activity.
In Heterocarpus species, Crutz and Preston (1987) pointed out that the smallest individuals tend to concentrate in shallower waters, and Paulmier and Gervain (1994) observed that H. ensifer is distributed in two subpopulations -one shallower (around 295 m of depth), and another one deeper (around 470 m) -showing differences in both size and growth rates. However, this assertion could be interpreted as stratification by size rather than a real differentiation between two subpopulations. The very low growth rate values estimated by these authors would seem to be erroneous, when compared with other similar species (Table 5) . King (1986) suggested that deeper shrimp species have lower growth rates and higher natural mortality rates. Nevertheless, Roa and Ernst (1996) calculated a low growth rate for the shallowest species Heterocarpus reedi Bahamonde, 1955 (Table 5) . Notwithstanding, the data provided by Roa and Ernst (1996) seem to be incongruent, since maximum size (40 mm CL) strongly differs from the asymptotic length (48.34 mm Fig. 4 . Relationship between mean size (CL, mm) and depth for males and females for the sampling of the Canary Islands. CL). Consequently, the relationship between growth parameters and depth distribution proposed by King (1986) needs to be clarified. Lozano-Á lvarez et al. (2007) estimated the size at maturity in H. ensifer from the Gulf of Mexico by analysing the relationships between body weight, rostral length, and body length against carapace length. The size at first maturity given by these authors was around 23-24 mm CL for females and 21-22 mm CL for males, and they are similar to those obtained for females in our study.
The variability in the duration of the reproductive period in crustaceans has been widely described (Giangrande et al., 1994; Tyler et al., 1994) , and a decrease of this time period has been observed in the Mediterranean Sea when depth increases (Company et al., 2003) . In fishes and crustaceans, biological activity seems to be affected by a decrease in the organic matter input at increasing depths and by the seasonality of these inputs (Levin et al., 1994; Smith et al., 2002; Company et al., 2003) . The spawning season of H. ensifer in the Macaronesian archipelagos is not clear because it was not possible to obtain samples from all months (from the Canaries), or samples were not well represented (from Madeira and the Azores). However, the tendency in the percentage of ovigerous females was similar to that seen in other pandalid shrimps from the region, such as Plesionika narval (Fabricius, 1787) , P. edwardsii (Brandt, 1851) , P. williamsi Forest, 1964 , P. martia (Milne-Edwards, 1883 , and P. ensis (MilneEdwards, 1883) , showing that ovigerous females occur throughout most of the year (González et al., 1997 (González et al., , 2001 Santana et al., 1997) . This may suggest that the oceanographic conditions of the Mediterranean affect the reproductive behaviour of these species in a different manner from that seen in the northeastern Atlantic. Fig. 5 . Variation of sex-ratio in relation to size-class. Solid line, Canary Islands; large broken line, Madeira; short broken line, Azores; black marks, statistically significant difference from 1:1 ratio; white marks, nonsignificant. 
